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~ "The masses of Cepheids can be obtained in several ways. If a Cepheid

luminosity ie known from membership in a gclactic cluster, the
mass-1nminosity relation obtained from stellar evolution theory gives
its mass. This evolution mass depends slightly on the compusition, that
is, the mass fraction of helium, Y, and on the the mass fraction of all
the heavier elements, Z, bu. as we shall see later, the compcsition
dependence is small.

A mass of a Cepheid that ... based entirely on pulsation theory is called
1the pulsation mass. Here the needed observations are: the luminosity,
'the color (giving s surface effective temperature by use of a conversion
formula), and the easily observed pulsation period. In this report the
observed period is assumed to always be the fundamental mode for the
‘classical Cepheids. The mass, M, the pulsation constant, Q, and the

radius, R, sre unknowns that are solved for using the three equations

L= LnnzaTa“ , q=pPM/RHY? | apaq e Q(M,R,L,T,)

These equations are: the definition of the effective temperature, the
lporiod-lean dernsity relation, and an expression fitting the pulsation
.theory valu.s for the pulsation constant Q obtsined from a large nuamber
of models covering a large rangs of stellar paraweters.

A third mass can be derived based on both evolution and pulsation
'theorics. The required observations are only the well determined period
lnd ¢ surfaice effective temperature. The above three equations, plus the
‘evolution mass-luninosity relation, are used to simultaneously solve for
’tho unknowns M, R, L, and Q. Due to the strong influence of the
svolntion theory mass-luminosity relation for the theoretical mass, this
mase sgroes to within a few § with the evolution mass for almost all
Cepheids. The major value of the theoretical mass is its availability
vhen a luminosity has not been obsarved, and one cannot get an evolution
[ TTT'®

'These three masses have been calculated for 29 Cepheids recently listed
by Ferpia and McGonegal (1983). The luminosities of these Cepheids have
|bccn uniforaly set by assuwming s distance modulus of 3.29 for the Hyades
cluster. Table 1 gives our evolution, theoretical, and pulsation masses.
Fernie and McGonegal have suggested that CB Vel and V810 Cen are not in
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_ the cluster as supposed, and therefore their luminosities are _ __ _ .
incorrectly .tated. Due t~ the large discrepancy between the evolution
.and pulsstion masses for V Cen, GY Sge, and § Vul, we have rejected tlier
‘also. We find 'only a small diff-ovence between the marses for TW Nor,
and therefore we do not reject this Cepheid even though there is a
cluster membership question about it. The ratios of these masses
relative to the theoretical masses average to the values at the bottom
of the evolution and pulsation mass columns. The usual scatter in the
pulsstion masses is present, but on the average, the masses seem in
accord with evolution theory.

Table 2 gives similar results with only the dintance scale to the Hyades
‘changed to 3.45, 'a value recently suggested by Vandenberg and Bridges
(1984). With the increased luminosities, evolution masses increase s
bit, while the luminosity-independent theoretical masses reasin unchang-
ed. However, pulsation masses are greatly increased so that the average
is about 1.22 above the theoretical masses. For Doth these tables we
have converted the dereddened (B-V) colors to effective temperatures by
use of the Kraft (1961) formula. As diacussed by Cox (1979) ard many
others such as Pel (1978) these temperatures pay need to be cooled by
0.01 to 0.03 in log Te' That would greatly alleviate the mass discrepin-
. ¢y. It appears that a distance scalu which has the Hydode distance
modulus at 3.45 is too large, but part of the change from the currently
used 3.29 may be acceptable from the viewpoint of Cepheid masses.

Other recent data on Cepheid luminosities Lave been prepared for
publication by Schmidt (1984). Table 3 showa at the top section the
evolution, theoretical, and pulsation masses for 7 Cepheids using his
lunincsities and dereddened colors. The pulsationc masses are so low that
for conventional compositions, stars would not evolve into the
instability strip. The possible cooling of the temperature scale is
investigated in the second section. Even though we have reduced the log
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_T_ by only 0.01; it s spparent thét moré tian three times thia smount i
‘18 needed to reconcile Schmidt's low pulsation masses. With the use of .
ithe Becker, Iben and Tuggle (1977) fits for the second crossing
:lul1n0l1tiel“al\i'function of composition and mass, we give the lower |
two sectiops for, respectively, higher Y and lower Z. These extreme |

composition changes for populstion I Cepheids do not lower the evolution

masses epough to match the Schmidt pulsation masses. We feel that his
lunino-itie’ are very much too low.

Anomalous Cepheids have periods like RR Lyrae variables, but they are
typically 5 times more luminous. Zinn and King (1982) have proposed that
variable V19 in NGC 5456 at 0.82 day is pulsating in the first radial
Jovertone mode, but even with that mode, its mass is about 1.4 M_. This
'is surprising for a population II star because it is believed tgat stars
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_ more massive -than sbout 0.8 M_ shoild have long ago died. We here_ _
confirm the proposal that thig star is the result of a coalescence of
‘two stars in a bipary system that had an initial separation smaller than
the red giant radius of the more massive star. !
'Figure 1 gives the work done in each of the 195 zones over each
pulsation cycle to cause pulsations in each of the three lowest radisl
modes. The mass used for this nonadiabstic pulsstion analysis is 1.4 M_,
and the luminosity is the observed 257 suns. The typical population II
composition used is the King Ia table with Z=0.001. Here at 7500K,
hotter than NGC 5466 V1), all modes are stable because the radiative
damping of the interior (lower Eone number) layers is greater than the
‘hydrogen snd helium driving in the surface layers.

Figure 2 gives the same plot for the effective temperature of 6500K. In
this case it is apparent that the first and second overtone modes are
driven more than they are damped, and linear .ueory predicts growing
pulsations. Actually the first overtone is driven the strongest, and at

the observed effective temperature of 700UK, probably only the first
overtone is unstable to pulsations.

Fig. 1. The work per pulsation Fig. 2. The work per pulsation
cycle to drive pulsations in a NGC cycle to drive pulsations in a
5466 V19 model at 7500K is plotted NGC 5466 V19 model at 6500K is

for each of the 195 zones. plotted for ecach of the 195 zones.
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